Summary. The 
Introduction
It has been proposed that the embryonic diapause associated with delayed implantation in mice is due to limited availability of various substrates or ions in the uterine lumen (see McLaren, 1973 ; Van Blerkom, Chavez & Bell, 1979 , for reviews). Observations cited in support of this proposition have included : (1) the rate of incorporation of [35S] methionine into protein increases in delayed im¬ planting embryos placed in vitro but remains low if the culture medium lacks glucose (Van Blerkom et al., 1979) ; (2) the rates of uptake and incorporation of amino acids are reduced in embryos incu¬ bated for 22 h in medium with a 'low' concentration of sodium (i.e. 55 mM) compared with those in medium with a 'normal' concentration of sodium (i.e. 124 mM; Van Winkle, 1977 , 1981 ; (3) trophoblastic outgrowth occurs in vitro unless the medium lacks certain amino acids or glucose (Gwatkin, 1966; Wordinger & Brinster, 1976; Naeslund, 1979; Van Blerkom et al., 1979) ; and (4) attachment and outgrowth of blastocysts seem to be dependent on the concentrations of sodium, potassium and calcium in the medium and it appears that concentrations of these ions in uterine fluid change at the time of implantation (Clemetson, Kim, Mallikarjuneswara & Wilds, 1972; Aitken, 1974; Van Blerkom et al., 1979; Van Winkle, 1981 ;  Van Winkle, Campione & Webster, 1983) .
Although these findings are compatible with the hypothesis that embryonic quiescence is main¬ tained in vivo by the limitation of some critical component of uterine fluid, in reality they are diffi¬ cult to interpret because the failure of blastocysts to grow-out, or to show expected increases in metabolic activity, over relatively long periods in vitro could be the appropriate response to duplica-tion in vitro of conditions within the delayed implanting uterus, or the result of non-specific deleteri¬ ous effects of deficient culture medium.
In the present experiments, delayed implanting blastocysts were incubated in various 'deficient' media with the expectation that, if it is true that limitation of certain ions or organic substrates is the mechanism by which embryos are rendered dormant in vivo, it should be possible to maintain their quiescence in vitro without damage. The incorporation of [3H]thymidine into DNA was selected as a measure of metabolic activity since it is almost completely suppressed in dormant embryos but increases rapidly as they are reactivated in vivo or in vitro (McLaren, 1973; Given & Weitlauf, 1982) .
Materials and Methods
Preparation ofembryos. Mature virgin Swiss albino mice (Laboratory Supply Co., Indianapolis, IN) were induced to ovulate with gonadotrophins (Fowler & Edwards, 1957) (Brinster, 1971) Cozad, Verbanac, Goldbard & Warner (1981) . Preliminary studies were conducted to determine whether estimates ofthe magnitude and time course of change in the rate of incorporation of [3H]thymidine during reactivation by this method agreed with earlier reports using autoradiography. Embryos were placed in 200 µ of labelling medium consisting of Eagle's basic medium (BME, Gibco, Grand Island, NY) with 8-5 mg bovine serum albumin (BSA)/ml (Fraction V, Sigma Chemical Co., St Louis, MO), 0-28 pg glutamine/ml, 100 i.u. penicillin/ml, 50 pg streptomycin/ml, and 5-0 pCi [3H]thymidine/ml (sp. act. 50-80 Ci/mmol : New England Nuclear, Boston, MA). After labelling for 1 h, the embryos (2-5 for each replicate) were washed once in cold medium and transferred to 20 µ of a solution of 50 pg calf thymus DNA/ml (used as a carrier); 0-5 ml ice-cold 10% trichloroacetic acid (TCA) with 10 mM-potassium phosphate and 10 mM-potassium pyrophosphate was added and the sample was allowed to precipitate for 15 min on ice. The precipitated material was collected on glass fibre filters; the filters were air dried and placed in scintillation vials. Precipitated material was solubilized for 30 min at 65°C with 0-5 ml Protosol (New England Nuclear). This was allowed to cool to room temperature and 20 µ glacial acetic acid were added, followed by 10 ml scintillation cocktail (PPO-POPOP in (Given & Weitlauf, 1981 , 1982 . Results (Given & Weitlauf, 1981 , 1982 [3H]thymidine began to decrease in glucose-free medium (Medium D). In contrast, it continued to increase between 18 and 24 h in embryos incubated in Medium C (containing glucose).
Effects of concentrations of various ions
Incubation of delayed implanting embryos in Medium E (low Na+) for 24 h resulted in a signifi¬ cant increase in [3H]thymidine incorporation (Text- fig. 2 ), although the magnitude was less than that in Medium with the normal concentration of Na+. In Medium the increase in DNA syn¬ thesis continued through 48 h, while in Medium E it decreased between 24 and 48 h. Transfer of embryos from low Na+ to high Na+ after 24 h did not restore incorporation to control levels al¬ though it did prevent the further reduction observed with continued exposure to low Na+ (Text- fig.   2 ). Blastocysts in low Na+ were collapsed at 48 h and transfer to normal medium after 48 h failed to restore incorporation rate or normal morphology. Therefore, quiescent embryos incubated in low Na+ (Medium E) not only failed to remain dormant with respect to DNA synthesis, but after 24 h in that medium they appeared to be irreversibly damaged.
A second set of experiments was done to determine whether activation would occur in the absence of other ions commonly found in embryo culture media ( (Given & Weitlauf, 1982) .
Incubation of dormant blastocysts in media simpler than BME did not effectively prevent them from becoming reactivated. In all cases significant increases in [3H]thymidine incorporation were observed within the first 24 h of culture. There were, however, differences in the magnitude of this increase as well as the continued viability of the embryos in the more severely deficient media. Activation in BMOC-3 (Medium B) resulted in rates of incorporation at 24 h nearly equal to those of embryos incubated in BME. Since BMOC-3 lacks the amino acids and vitamins present in BME, it appears that absence of these substances is not sufficient to maintain embryo dormancy in vitro. This was expected since activation of [3H]uridine incorporation in dormant embryos has also been shown to occur in BMOC-3 (Weitlauf, 1976) . Similarly, removal of pyruvate and lactate from BMOC-3 (Medium C) did not prevent activation during the first 24 h of incubation, although the increase in thymidine incorporation was less than that seen in complete BMOC-3. The beneficial effects of pyruvate and lactate on mouse embryo survival and development in vitro (Biggers & Stern, 1973) (Wordinger & Brinster, 1976; Van Blerkom et al., 1979; Naeslund, 1979) . In addition, Nieder & Weitlauf (1984) (Medium E) did not prevent activation although the absolute increase in thymidine incorporation at 24 h was lower than in BMOC-3 with normal Na+. This is in disagreement with the findings of Van Winkle (1977, 1981) in which the increase in labelled amino acid incorporation expected with activation was prevented by incubation in medium with 55 mM-Na+. However, since uptake of amino acids, as well as their incorporation, is depressed in delayed or normal Day-5 embryos pulsed for 2 h in low Na+ (Van Winkle, 1977 , 1981 , the specific activities of amino acid pools in these embryos may be variable. Conclusions about the effects of Na+ on protein synthetic rates based on incorporation of label under these conditions should be made with great care. Further, Van Winkle (1981) has proposed that 'low' Na+ maintains a dormancy in vitro analogous to that occurring in utero by limiting Na+-dependent amino acid transport necessary for activation. The present work has demonstrated that activation of DNA synthesis is independent of exogenous amino acids so that inhibition of amino acid transport by limited Na+ would not prevent activation in vitro or presumably in vivo. The observation of Van Winkle ( 1981 ) that delayed implanting blastocysts kept in 'low' Na+ for 24 h exhibited a slower rate of outgrowth when transferred to 'high' Na+ medium compared to newly collected delayed embryos may reflect a non-specific deleterious effect of 'low' Na+ conditions. In the present study 'low' Na+ decreased the magnitude of activation during the first 24 h and produced irreversible damage in the embryos. Incubation in 'low' Na+ for longer than 24 h resulted in the death of the embryos. It seems probable that a delay of outgrowth for longer periods by 'low' Na+ medium would not be reversible; no data have appeared in the literature on this point.
Other ionic species present in BME and BMOC-3 such as calcium, magnesium, potassium and phosphate have been implicated in the control of cell proliferation (Hickie, Wei, Blyth, Wong & Klaassen, 1983; Engstrom & Zetterberg, 1983) and implantation (Clemetson et al., 1972; Aitken, 1974; Van Blerkom et al., 1979) . Metabolic dormancy in delayed implanting embryos does not seem to be dependent on the concentration of these ions in the external environment since signifi¬ cant activation occurred in bicarbonate buffer with NaCl and KC1 and no other salts (Medium F). Further, decreasing Na+ or K+, or both (Media G, H and I) did not totally prevent activation, although the viability of embryos under these severely restricted conditions was compromised quickly. This was reflected in the morphological appearance of the embryos and greater variability in incorporation rates in these groups.
The conclusion drawn from these experiments is that the metabolic quiescence of delayed im¬ planting blastocysts is not maintained in vitro by the limitation of metabolizable substrates, or parti¬ cular ionic species in the medium. Indeed, activation proceeds under many conditions that will not support embryo development or even survival for more than a few hours. These observations limit the possibilities for uterine control over the blastocyst during delayed implantation. It now seems unlikely that changes in the availability of organic substrates or ionic environment in the uterine lumen are the controlling factor in initiation of metabolic activation. An alternative explanation may be the presence of inhibitory substances in the uterus during delayed implantation which are removed after administration of oestrogen or by transfer of embryos to an in-vitro environment (Psychoyos, Bitton-Casimiri & Brun, 1975; Weitlauf, 1976; O'Neill & Quinn, 1983 ). This possibility is being explored.
